INTRODUCTION
More and more people are using mobile (cellular) phones and the world is increasingly becoming unwired due to diffusion of this technology. The cellular technology is present in most Asian countries since 1980s. However, its diffusion process in these countries has largely been affected by technological developments, i.e., transition from analogue to digital, and regulations. The nature of regulations relate to spectrum licensing and the number of competitors allowed by respective governments. These regulatory decisions may explain the current structure of mobile phone industry in most of these countries.
The popularity of cellular communication lies in its appealing advantage as compared with the fixed networks. The most important feature of a cellular phone is its portability in that the call is made to a person and not to a place. In developed countries, the features available on mobile handsets (such as caller line identification, voice mail, call forwarding, call waiting and the facility of receiving and transmitting short text messages) are available free of charge. However, these cell phone facilities are very costly in developing countries as compared with their fixed networks. The regulatory licensing structure prevailing in these countries partly explains this price differential. In effect there has been wide diversity in the speed of introduction of mobile phones and their diffusion across developing countries, which has not been explored. Gruber and Verboven (1998) has recently examined diffusion of cell phones in the European Union. However, this is a neglected area of research in developing countries. This paper is an attempt to evaluate the determinants of diffusion of mobile phones in selected Asian countries. As noted earlier, diffusion has been largely driven by technological innovation or by regulatory licensing policies. This paper addresses the relative importance of three factors in diffusion speed of mobile telephones. These factors are technology (analogue vs. digital), timing of first license granted, and introduction of additional competition. The impact of existing fixed-line network (main telephone lines in operation) and GDP per capita on diffusion speed is also examined.
MODEL SPECIFICATION AND ESTIMATION PROCEDURE
We assume that potential subscribers to mobile telephony do not immediately adopt mobile phones after their introduction. The response of potential adopters is expected to vary between particular lower and upper limits. Obviously, there is a lower limit on the dependent variable since people using new technology cannot fall below zero and an upper limit that will be reached at some point in time. More specifically, we define a logistic growth function for potential adopters in a panel data setting by
where y it is the number of mobile subscribers for ith country and tth time, y * it is the ceiling or the equilibrium value, b is for coefficient of rate of growth and a is for constants, which positions the curve on the time scale. In other words, we relate the flow of new adopters of technology to the stock of existing adopters. As the stock comes closer to the total number of potential adopters the flow of new adopters gradually decreases and eventually becomes zero.
Three important elements determine the shape of the logistic function in (1).
First, the total number of potential adopters, , y * it which may be estimated by using the economic determinants. For instance, the level of income in respective countries may influence the total market potential. Hence, y * it may be written as
In practice, γ poses difficulties in estimation and hence is replaced by a constant fraction of total population in this paper. Second, the variable ait is a location or timing variable
where DIG is a dummy variable equal to 1 if ith country has already introduced digital technology at time t, and 0 otherwise, while αif are fixed effects for each ith country capturing an adoption lag or lead to a base country. Finally, bit measures the diffusion speed and is specified as
where β if is the estimated country specific fixed effects reflecting the autonomous diffusion speed. (2), (3) and (4) in (1), we obtain the following specification that will be used for estimation
The logistic diffusion model in (5) will be estimated by employing nonlinear least squares procedure. The logit regression is generally used for analysing the relationship between one or more independent variables with a categorical or a continuous dependent variable. However, the logistic regression model in (5) is an extension of the logit for binary responses. This general form allows the response to vary within a particular lower and upper limit.
1 Since this type of logit model does not violate the properties of least squares we have used non-linear least squares to estimate the diffusion model in (5).
DATA AND CONSTRUCTION OF VARIABLES
We use unbalanced panel data of 25 randomly selected Asian countries for the period 1986-1998. The countries were randomly selected from the list of Asian countries for which data on mobile subscribers was reported in 
EMPIRICAL RESULTS FOR THE DIFFUSION MODEL
We estimate the empirical specification in (5) by using nonlinear least squares and annual data of 25 selected Asian countries covering period from 1986 to 1998. Table 1 reports parameter estimates for the regression that includes gross domestic product, main lines per capita, location fixed effects and diffusion speed parameter fixed effects. Most of the estimated parameters are statistically different from zero at the 1 percent level. The estimate for γ or the fraction of population is 0.41 indicating that on average about 41 percent of the population is expected to adopt a mobile phone in the long run.
The coefficient β D in Table 1 measures the role of transition from analogue to digital technology in speeding up of the diffusion of mobile services. Since the parameter estimate for β D is statistically in significant, it implies that technical change from analogue to digital alone was not instrumental in bringing about diffusion. This may be explained by the presence of diversity in the selected sample. For instance, Bangladesh, Cambodia, Khazakhastan and Laos introduced digital technology in cellular phones as late as 1997 or 1998. The question of affordability of mobile phones in selected developing countries may also explain this result.
The effect of entry of a second competitor for analogue and digital competition is measured by the coefficients β CA and β CD , respectively. Our results show that the effect of entry of a second competitor has been of great significance in the digital period than the analogue, which is quite understandable due to considerably higher prices experienced during the analogue period. Moreover, many Asian countries had granted exclusive license to only one service provider for an extended period. The difficulty in allocating frequency spectrum to cellular operators in earlier period may also explain fewer licences. We find that the introduction of more competition has led to lower prices and consequently more adopters of cellular phone.
The parameter estimate for main lines per capita is positive but statistically insignificant while the parameter estimate for GDP it (gross domestic product per capita) is negative and statistically insignificant which illustrates that there is no multicollinearity between the two variables GDP it and MNLINE it . In Table 2 we present the results for logit regression where GDP and MNLINE variables are excluded. We find that excluding these variables the results remain the same, which indicates that these results are quite robust. Table 3 presents the results of a logit regression when all country fixed effects as well as the variables for gross domestic product and main telephone lines per capita are excluded. It can be seen that even by excluding these variables the results more or less remain the same. More specifically, the variables used for competition in analogue and digital technology remain significant as before. The coefficient for digital technology, DIG it, is statistically significant and larger than the first and the second regressions. However, this small variation in results does not alter our major findings.
CONCLUSIONS
This paper studied the determinants of diffusion of mobile phone services in selected Asian countries by employing a logistic model of technological diffusion. We find that 41 percent of total population will eventually adopt cellular phones in selected Asian countries. We also find that transition in early nineties from analogue to digital technology and corresponding increase in capacity impacted on diffusion of mobile telecommunications. It appears that technological developments in this sector induced even single operators to reduce their prices to attract more adopters. Nonetheless, the policy of introducing competition also paid off since competition played a dominant role in the digital period in reducing prices and in augmenting the process of diffusion of mobile phones in the included countries.
These sub-samples may be on the basis of income, i.e., high income group, medium income group, or low income group; or it may be decompose on a regional basis, i.e., South Asia, East Asia, and so on. These revisions will make the results of this study more meaningful.
Qazi Masood Ahmed
Applied Economics Research Centre, Karachi.
